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 Conclusions: The present data suggest that elevated hair 
cortisol levels do not necessarily constitute a health risk. Hair 
cortisol measurement can serve as a noninvasive and pain-
less biomarker of chronic stress and mental disorders; how-
ever, additional research is needed. 
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 Introduction 
 Depressive symptoms are a common mental health 
problem among young adults  [1–3] . Among university 
students, lifetime prevalence rates of major depressive 
disorder (MDD) vary between 10 and 25%  [4–6] , and the 
proportion of students who perceive themselves as hav-
ing nonclinical depressive symptoms is even higher  [7, 8] .
 While depressive symptoms are associated with self-
perceived stress and exposure to stressful events  [9–11] , 
there is a dearth of knowledge regarding the physiologi-
cal mechanisms that mediate between chronic stress 
and depressive symptoms  [12] . Chronic stress alters the 
activity of the hypothalamo-pituitary-adrenocortical 
(HPA) axis, which contributes to the development of 
 Key Words 
 Depressive symptoms · Hair cortisol · Hypocortisolism · 
Perceived stress · Physical activity · Young adults 
 Abstract 
 Objective: Depressive symptoms are a common mental 
health problem among young adults, but the physiological 
mechanisms that mediate between stress and depressive 
symptoms remain unclear. Accordingly, this exploratory 
study (1) examined how hair cortisol concentrations were 
associated with self-perceived stress and depressive symp-
toms in a sample of young adults and (2) tested whether hair 
cortisol could explain variance in depressive symptoms be-
yond perceived stress before and after controlling for levels 
of vigorous physical activity (VPA).  Methods: The sample 
consisted of 42 exercise and health science university stu-
dents (20 males, 22 females; mean age = 21.2 years). Cortisol 
concentrations were extracted from hair strands close to the 
scalp. Participants completed self-rating questionnaires 
about depressive symptoms and perceived stress.  Results: 
Students with elevated hair cortisol levels tended to report 
lower depressive symptoms and lower perceived stress. In-
creased perceived stress was associated with higher depres-
sive symptoms, and both hair cortisol and perceived stress 
predicted depressive symptoms after controlling for VPA. 
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psychiatric disorders such as depression, anxiety and 
burnout. Several studies revealed that both hyper- and 
hypocortisolism can have harmful consequences to men-
tal health  [13–16] .
 Hair cortisol measurement has the potential to over-
come many of the methodological limitations  [17, 18] 
associated with saliva, blood and urine measurements 
 [19, 20] . For instance, only weak relationships were ob-
served between salivary, plasma and urinary cortisol 
concentrations and perceived stress and self-reported 
health  [21] . It is possible that these measures represent 
point assessments and only reveal acute circulating cor-
tisol levels or mean cortisol secreted over a relatively 
short period of time. Moreover, salivary and plasma cor-
tisol are (1) easily affected by temporary or transient dis-
turbances in psychosocial stress on the day of measure-
ment, (2) subject to diurnal variations and (3) affected by 
any food intake, smoking and physical activity that takes 
place shortly before sampling  [17, 20, 22–24] . By con-
trast, the cortisol level in human hair has the potential to 
serve as a reliable endogenous biomarker for the retro-
spective assessment of long-term central HPA axis activ-
ity  [18, 25, 26] . Stalder et al.  [27] have shown that hair 
cortisol concentrations have a high intraindividual sta-
bility, with correlations of repeated assessments between 
2 months and 1 year ranging between 0.68 and 0.79. In-
creased hair cortisol concentrations were found in pa-
tients with Cushing’s syndrome  [28, 29] , in women dur-
ing the third trimester of pregnancy  [19, 24] and in en-
durance athletes compared to inactive controls  [30] . 
Likewise, higher hair cortisol concentrations were found 
in long-term unemployed versus employed individuals 
 [22] , in shift workers versus day workers  [31] , in alcohol-
ics with acute withdrawal versus abstinent alcoholics or 
controls  [32] , in preterm infants with a greater number 
of days using a ventilator  [33] and in traumatized indi-
viduals with posttraumatic stress disorder (PTSD) versus 
without PTSD  [34] . Van Uum et al.  [20] further observed 
that patients with severe chronic pain had higher hair 
cortisol levels than healthy (nonobese) adults, and elevat-
ed hair cortisol concentrations were associated with an 
increased risk for myocardial infarctions  [18, 35] and 
overweight/obesity  [28, 31] . 
 Regarding the association between hair cortisol levels 
and mental health, both hyper- and hypocortisolism have 
been observed. Steudte et al.  [26] found decreased hair 
cortisol levels in patients suffering from general anxiety 
disorder compared to matched healthy controls. Con-
flicting results exist with respect to depressive symptoms; 
while medicated patients with depression had higher hair 
cortisol levels than healthy controls  [23] , depression was 
not associated with increased levels of hair cortisol in car-
diac rehabilitation patients  [25] . Finally, Karlen et al.  [12] 
showed that 2 of 4 statistical outliers with very high hair 
cortisol levels had serious psychological problems in a 
sample of young adults.
 In summary, previous studies have shown that hair 
cortisol levels may represent a biological correlate of psy-
chiatric disorders, but the direction of the relationship 
remains unclear. Moreover, patients with MDD proved 
to have higher hair cortisol levels than healthy controls, 
and increased hair cortisol concentrations were found in 
young adults with severe mental health problems com-
pared to peers with ‘inconspicuous’ mental health pro-
files. 
 Thus, the purpose of this study was twofold. The first 
purpose was to find out whether participants with low 
and elevated hair cortisol concentrations differ in relation 
to depressive symptoms and perceived stress. The second 
purpose was to examine whether hair cortisol concentra-
tions could explain the variance in depressive symptoms 
beyond the variance that stems from self-perceived stress. 
Based on the aforementioned research findings, our hy-
potheses were that participants with elevated hair cortisol 
levels would score higher on depressive symptoms (hy-
pothesis 1a) and perceived stress (hypothesis 1b). We fur-
ther expected a moderate to strong positive association 
between perceived stress and depressive symptoms (hy-
pothesis 2a), that perceived stress would be a stronger 
predictor of depressive symptoms than hair cortisol (hy-
pothesis 2b) and that hair cortisol would explain a small 
proportion of variance in depressive symptoms beyond 
the level contributed by perceived stress before and after 
controlling for participants’ levels of vigorous physical 
activity (VPA; hypothesis 2c). Controlling for VPA was 
deemed important because Skoluda et al.  [30] recently 
discovered that endurance athletes have increased hair 
cortisol levels compared to controls and that there is a 
dose response relationship between training volume and 
hair cortisol levels. These findings suggest that repeated 
exercise-induced HPA axis activation following acute 
bouts of exercise above approximately 70% of maximal 
oxygen uptake  [36] coincides with increased hair cortisol 
levels, which raises important issues regarding the com-
plexity of interpreting cortisol data in leisure-time exer-
cisers. In other words, it is possible that part of the retro-
spective cortisol level measured in young adults’ hair is 
likely due to repeated cortisol elevations associated with 
VPA and, to a lesser extent, exposure to psychological 
stress  [37] .
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 The present explorative study adds to the extant litera-
ture by examining the relationship between hair cortisol 
and depressive symptoms in young adults who were re-
cruited in a nonclinical setting. Therefore, it sheds light 
on the complex relationship between physiological (HPA 
axis) and psychological (depressive symptoms, perceived 
stress) processes among young adults. The results are im-
portant for psychiatrists, general practitioners, occupa-
tional health services and primary care physicians in 
judging whether hair cortisol can identify the risk of de-
veloping depressive symptoms in young people and, ulti-
mately, suppress clinical depression  [38] . 
 Methods 
 Participants and Procedure 
 The participants were 46 undergraduate exercise and health 
science students from the University of Basel, Switzerland [26 
women, 20 men; mean age = 21.17 years, SD = 1.87] who volun-
teered to take part in the study. All participants provided written 
informed consent and demographic data, including gender, age, 
depressive symptoms and levels of perceived stress. Due to incom-
plete data (see below), the final sample consisted of 42 participants. 
 Participants received a food voucher (worth CHF 12) as an in-
centive. The local ethics committee of Basel (EKBB) approved the 
study protocol, and the study was conducted in accordance with 
the Declaration of Helsinki.
 Hair Cortisol Analysis 
 Hair strands of approximately 3 mm in diameter were taken 
from a posterior vertex position close to the scalp. Trained study 
personnel collected hair samples using fine-tipped surgical scis-
sors. Cortisol concentrations were tested for the first 3-cm hair 
segment most proximal to the scalp, providing a retrospective in-
dex of cortisol secretion over the past 3 months. Due to an insuf-
ficient amount of hair (<3 cm or <25 mg), data from 3 participants 
were excluded from hair cortisol analyses. The data of 1 participant 
were excluded because the presence of corticosteroid medication 
substantially increased the hair cortisol concentrations (117.7 pg/
mg) compared to peers (mean = 25.17 pg/mg, SD = 12.93, range = 
6.89–63.67; skewness = 0.07, kurtosis = –0.20). The wash proce-
dure and steroid extraction were carried out as described in the 
laboratory protocol of Kirschbaum et al.  [19] .
 Assessment of Depressive Symptoms 
 The German version of the Beck Depression Inventory (BDI) 
 [39] was used to assess the severity of depressive symptoms. The 
BDI consists of 21 items including a range of affective, behavioral, 
cognitive and somatic symptoms that are indicative of unipolar de-
pression (e.g. ‘I am so unhappy/sad that I can’t stand it’). Each item 
contains 4 responses that reflect increasing levels of depressive 
symptomatology. Possible scores range from 0 to 63, with higher 
scores indicating more depressive symptoms. Adequate validity and 
reliability of the BDI have been shown previously  [40] . The Cron-
bach’s α in the present study was 0.81 for the total sample (mean = 
4.69, SD = 6.33, range = 0–34; skewness = 0.07, kurtosis = –0.73).
 Assessment of Perceived Stress 
 General perceived stress during the past month was assessed 
with a German version of the widely used Perceived Stress Scale 
(PSS)  [41] . The PSS consists of 10 short items measuring the degree 
to which respondents find their lives unpredictable, uncontrolla-
ble and overloading (e.g. ‘How often have you felt that you could 
not control the important things in your life?’). Answers were giv-
en on a 4-point Likert scale from 1 (never) to 4 (very often). Items 
were summed to obtain an overall score. Adequate validity and 
reliability of this instrument have been established previously  [42] . 
The Cronbach’s α in the present study was 0.86 for the total sample 
(mean = 22.83, SD = 5.95, range = 14–40; skewness = 0.73, kurto-
sis = 0.27).
 Assessment of VPA 
 VPA was assessed with an accelerometer (GT1M, Actigraph, 
Shalimar, Fla., USA) worn around the hip. The measurement pe-
riod lasted for 7 consecutive days  [43] 1 , and the sampling epoch 
was set at 15 s  [44] . Participants were instructed not to wear the 
accelerometer during the night. Time spent in VPA each day 
was determined based on the raw accelerometer counts and the 
ActiLife ® computer software, with cutoff values derived from 
Freedson et al.  [45] . All activities with >5,724 counts/min were de-
fined as vigorous, which corresponds to activities with an inten-
sity level of >6 metabolic equivalents of task (1 metabolic equiva-
lent of task corresponds to the metabolism at rest of an average 
person). Evidence of the reliability and validity of the Actigraph 
instruments has been published previously  [46–48] .
 Statistical Analysis 
 A median split was conducted to separate participants into 2 
groups, i.e. those with low hair cortisol levels (LHC; mean = 15.66 
pg/ml, SD = 3.53) and those with high hair cortisol levels (HHC; 
mean = 35.63 pg/ml, SD = 11.26). 2 Analyses of variance were used 
to compare LHC and HHC students with regard to depressive 
symptoms and perceived stress. The level of probability was set at 
p < 0.05. Due to the small sample size, results that tended to be 
significant (p < 0.10) were also demarcated, and we used η 2 as an 
orientation to interpret the strength of the relationships. Cohen 
 [49] recommends that η 2 values from 0.010 to <0.059 should be 
interpreted as small associations, those from 0.059 to <0.138 as 
medium associations and those from 0.138 as large associations.
1 This reference period was shorter than the 3-month time  period for which 
the hair segment was collected. However, all participants indicated that their 
activity level during the assessment period was representative of their usual 
exercise behavior.  
 2  Although criticized previously  [87] , relying on a statistical cutoff criterion 
to build groups seemed legitimate in the present study, as no knowledge ex-
ists about what ‘low’ and ‘high’ cortisol levels mean from a health or clinical 
point of view. A χ 2 test showed that the LHC and HHC groups did not differ 
in terms of gender [χ 2 (1, 42) = 0.89, p = 0.346]. Analyses of variance revealed 
that the LHC and HHC groups did not differ with regard to age [F(1, 41) = 
0.01, p = 0.916]. Analysis of variance further revealed no significant differ-
ence for VPA [F(1, 41) = 2.37, p = 0.132]. Nevertheless, a slight tendency 
(5.7% of variance explained) existed, showing that the LHC group exhibited 
lower VPA compared to the HHC group (mean = 55.74 min/week, SD = 45.5 
vs. mean = 82.9 min/week, SD = 66.1). Therefore, both uncontrolled and 
controlled analyses were performed to rule out the possibility that partici-
pants’ levels of VPA contributed to the differences in depressive symptoms. 
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 To find out whether and to what degree hair cortisol levels and 
self-perceived stress independently predict depressive symptoms, 
we conducted structural equation modelling (SEM) with Amos 
20.0 (refer to Byrne  [50] and Blunch  [51] for a general introduction 
to the SEM approach). SEM has the ability to control for measure-
ment error and considers that hair cortisol and perceived stress (as 
predictors of depressive symptoms) might be intercorrelated  [50] . 
Correlations and regression weights were interpreted using Co-
hen’s  [49] criteria (i.e. small <0.30, medium 0.30–0.50, large >0.50). 
SEM was based on maximum likelihood estimations and per-
formed with and without controlling for VPA. The following in-
dicators were used to evaluate the model fit: ratio between mini-
mum discrepancy and degrees of freedom (cmin/df), adjusted 
goodness-of-fit index (AGFI), comparative fit index (CFI), normed 
fit index (NFI) and root mean square error of approximation 
(R MSEA)  [52] . 3 
 Results 
 Depressive Symptoms and Perceived Stress Dependent 
upon Participants’ Hair Cortisol Levels 
 The LHC group reported more depressive symptoms 
(mean BDI score = 6.23, SD = 7.89) than the HHC group 
(mean BDI score = 3.00, SD = 3.45). The difference tend-
ed to be statistically significant [F(1, 41) = 2.85, p = 0.099], 
with 6.6% of variance explained. After controlling for 
VPA, the previously observed tendency disappeared [F(1, 
41) = 1.25, p = 0.271], but the effect size still pointed to-
wards a small effect (η 2 = 0.032). The LHC group also re-
ported higher perceived stress (mean PSS score = 24.23, 
SD = 6.87) than the HHC group (mean PSS score = 21.30, 
SD = 4.41). Even though the difference was not statisti-
cally significant [F(1, 41) = 2.64, p = 0.112], the level of 
explained variance reached 6.2%. The effect size only de-
creased slightly after controlling for VPA [F(1, 41) = 2.07, 
p = 0.159, η 2 = 0.050]. Finally, it is noteworthy that those 
participants who reported mild depression (n = 2, BDI 
scores between 11 and 17) or clinically relevant depres-
sion (n = 2, BDI scores  ≥ 18) were all classified into the 
LHC group.
 A median split based on the BDI further showed that 
participants with lower depression scores had slightly 
higher hair cortisol concentrations (mean = 28.35 pg/
mg, SD = 15.48) than participants with higher depres-
sion scores [mean = 21.98 pg/mg, SD = 98.04; F(1, 41) = 
2.65, p = 0.112, η 2 = 0.062]. Nevertheless, although the 
effect size was of moderate magnitude, the group differ-
ence was not statistically significant due to the limited 
sample size.
 Higher hair cortisol concentrations were also found in 
participants with low versus high PSS scores (based on a 
median split on the PSS). Nevertheless, the group differ-
ences were not statistically significant [F(1, 41) = 0.81, p = 
0.37, η 2 = 0.020]. The mean hair cortisol concentration in 
the lower PSS group was 27.15 pg/mg (SD = 13.46), com-
pared to 23.53 pg/mg (SD = 12.57) in the higher PSS 
group. 
 Hair Cortisol Level and Perceived Stress as Predictors 
of Depressive Symptoms 
 Figure 1 shows the results of the SEM, with depressive 
symptoms as the outcome variable, which is predicted by 
participants’ self-perceived stress and their hair cortisol 
levels. With respect to the criteria (in parentheses below) 
proposed by McDonald and Ho  [52] , the model repre-
sented a satisfactory fit with regard to most indices: cmin/
df = 2.66, AGFI = 0.89 ( ≥ 0.95), CFI = 0.98 (>0.90), NFI = 
0.96 (>0.90) and RMSEA = 0.10 ( ≤ 0.05). 4 
 Figure 1 a shows that self-perceived stress and objec-
tively assessed hair cortisol tended to be weakly corre-
lated (r = –0.18, p = 0.052). The negative sign corrobo-
rates the finding that participants with increased hair 
cortisol levels reported lower perceived stress. In con-
trast, self-perceived stress was a strong positive predictor 
of depressive symptoms (β = 0.79, p = 0.000), indicating 
that high perceived stress was associated with more de-
pressive symptoms. Although self-perceived stress ex-
plained a substantial amount of variance in depressive 
symptoms, a weak but significant association emerged 
for hair cortisol levels. Again, the negative direction of 
the relationship suggests that increased hair cortisol con-
centrations were negatively associated with depressive 
symptoms (β = –0.24, p = 0.009). The total amount of 
variance explained through perceived stress and hair 
 3  Several ‘rules of thumb’ exist regarding the minimum sample size required 
for the estimation of structural equation models to achieve a satisfactory 
model fit  [88, 89] . Scholars generally agree that the risk of rejecting a true 
model is lower if the sample size is large  [90] . However, it has been argued 
that the effect of sample size on some fit statistics such as CFI is nonlinear 
and that therefore smaller samples suffice if the variables are reliable and the 
model is not overly complex  [91] . 
4 Perceived stress and depressive symptoms were operationalized as latent 
variables (represented by ellipses). Both latent factors were predicted by 2 ob-
servable variables (randomly built parcels with half of the items; represented 
by rectangles)  [50] . A parcel can be defined as an aggregate-level indicator 
comprised of the sum (or average) of 2 or more items, responses or behav-
iors  [92] . The main reason for building parcels is to keep structural equation 
models simple by reducing their degree of freedom  [50, 93, 94] . Comrey and 
Lee  [95] recommended to interpret standardized factor loadings (pointing 
from latent factors to observed variables) of >0.71 as excellent, >0.63 as very 
good, >0.55 as good, >0.45 as fair and >0.32 as poor. Thus, all factor loadings 
were good in the present analysis.
D
ow
nl
oa
de
d 
by
: 
Un
ive
rs
itä
ts
bi
bl
io
th
ek
 M
ed
izi
n 
Ba
se
l  
   
   
   
   
   
  
13
1.
15
2.
21
1.
61
 - 
10
/2
4/
20
17
 2
:1
9:
52
 P
M
 Gerber/Kalak/Elliot/Holsboer-Trachsler/
Pühse/Brand 
 
 Neuropsychobiology 2013;68:100–109
DOI: 10.1159/000351735
104
cortisol amounted to 75.9% (as expressed by the squared 
multiple correlation).
 The model fit improved after controlling for partici-
pants’ levels of VPA: cmin/df = 1.71, AGFI = 0.92, CFI = 
0.99, NFI = 0.97 and RMSEA = 0.07. As shown in  figure 
1 b, VPA was positively associated with students’ level of 
hair cortisol (r = 0.34, p = 0.000). Moreover, 2 negative 
(but nonsignificant) associations existed between VPA 
and perceived stress (r = –0.17, p = 0.073) and depressive 
symptoms (β = –0.14, p = 0.142). The weak negative as-
sociation between perceived stress and hair cortisol (r = 
–0.19, p = 0.052) and the strong association between per-
ceived stress and depressive symptoms remained nearly 
unchanged (β = –0.78, p = 0.000). The strength of the 
negative relationship between hair cortisol and depres-
sive symptoms decreased slightly (β = –0.19, p = 0.048) 
but was still statistically significant.
 Discussion 
 Three findings of the present study in young adults 
deserve special emphasis. Firstly, although not statistical-
ly significant, participants with elevated levels of hair cor-
tisol tended to report lower depressive symptoms and 
lower perceived stress. Secondly, increased self-perceived 
0.93
0.93 0.79
–0.24***
0.78
–0.18*
0.79**** 0.58
–0.14
0.68
[0.75]
[0.46]
[0.45]
–0.17*
0.670.78****
[0.34]
[0.34]
0.59
[0.77]
–0.19**
–0.19*
PSS_P1
PSS_P1
PSS_P2
PSS_P2
BDI_P1
BDI_P1
BDI_P2
BDI_P2
Depressive
symptoms
Depressive
symptoms
Self-perceived
stress
Self-perceived
stress
Objectively assessed
hair cortisol
Objectively assessed
hair cortisol
Vigorous exercise
e1
e1
e2
e2
e3
e3
e4
e4
e5
e5
[0.86]
[0.86]
[0.62]
[0.62]
0.34****b
a
 Fig. 1. Hair cortisol and perceived stress as predictors of self-re-
ported depressive symptoms. Text in ellipses describes latent fac-
tors, while that in rectangles refers to observed variables. Coeffi-
cients in square brackets show squared multiple correlations, while 
coefficients without brackets represent correlations or standard-
ized regression weights.  *  p < 0.10;  * *  p < 0.05;  * * *  p < 0.01;  * * * *  p < 
0.001. e = Measurement errors; P1 = parcel 1; P2 = parcel 2. 
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stress was associated with higher depressive symptoms. 
Thirdly, both objectively assessed hair cortisol levels and 
self-reported stress significantly explained variance in de-
pressive symptoms.
 Five hypotheses were formulated and each of these will 
now be discussed separately. We expected that elevated 
hair cortisol levels would be associated with increased de-
pressive symptoms (hypothesis 1a), although our data did 
not support this assumption. Rather, increased hair corti-
sol levels were associated with lower depressive symp-
toms. This finding is surprising for at least 4 reasons. First-
ly, Jonsdottir et al.  [53] recently published a review on the 
relationship between salivary cortisol and mental health 
including MDD and symptoms of depression in otherwise 
healthy participants. Using a broad range of cortisol mea-
sures, the authors concluded that individuals diagnosed 
with MDD typically have higher salivary cortisol levels. 
The results are less consistent for nonclinical depressive 
symptoms but still point in a similar direction. Secondly, 
studies have shown that higher plasma cortisol concentra-
tions are associated with increased depressive symptoms 
in both healthy and clinical populations  [54–58] and that 
plasma cortisol levels can decrease in patients with MDD 
after pharmacotherapy  [59, 60] . Thirdly, Dettenborn et al. 
 [23] found that patients with MDD had higher hair corti-
sol concentrations in both the first and second 3-cm hair 
segments compared to age- and gender-matched healthy 
controls. Fourthly, Karlen et al.  [12] pointed out in a study 
with young adults that out of 4 outliers with extremely 
high hair cortisol concentrations, 2 reported serious psy-
chological problems including severe generalized anxiety 
disorder with panic attacks. Thus, although at first glance 
the negative relationship between hair cortisol level and 
depressive symptoms seems puzzling in light of the above 
findings, evidence exists that the association between hair 
cortisol and depression might not be straightforward. 
Dowlati et al.  [25] did not find differences in hair cortisol 
between patients with coronary heart disease independent 
of the presence of MDD. Similarly, Stalder et al.  [32] were 
unable to demonstrate a significant relationship between 
hair cortisol and the BDI score in a combined sample of 
abstinent and nonabstinent alcoholics and healthy con-
trols. Notwithstanding these findings, very little research 
exists among young healthy adults, and the few existing 
hair cortisol studies were not explicitly focused on mental 
health outcomes  [12, 27, 28, 61] . Among the studies that 
correlated hair cortisol levels with mental health indica-
tors, only 1 investigation suggested that mental disorders 
may be associated with decreased hair cortisol levels  [26] . 
This study indicated that participants suffering from gen-
eralized anxiety disorder had significantly lower (50–60%) 
hair cortisol concentrations compared to age- and gender-
matched healthy controls. In addition, Skoluda et al.  [30] 
revealed that regular exercisers had higher hair cortisol 
concentrations than inactive controls. This corroborates 
the notion that increased hair cortisol concentrations are 
not necessarily pathological, since a wealth of studies exist 
showing that regular exercise prevents the development of 
depressive symptoms  [62, 63] and that exercise leads to 
positive outcomes in the treatment of MDD  [64, 65] .
 In summary, finding increased hair cortisol concen-
trations associated with decreased depressive symptoms 
in this exploratory study was unexpected. Although some 
associations only tended to be significant, this result sug-
gests that increased hair cortisol levels are not necessarily 
‘bad’ for young adults’ health. This is in line with Hatz-
inger et al.  [66] who showed that among young girls, high 
cortisol secretion during a laboratory stressor task was 
associated with positive emotions. Nevertheless, we ex-
plicitly emphasize that the findings of our study should 
be interpreted cautiously and in view of this study’s limi-
tations. Namely, the sample represents a very specific seg-
ment of the larger population comprising only under-
graduate exercise and health science students without any 
known mental disorders. Moreover, all participants ac-
complished recommended levels of physical activity and 
had to pass a practical exam (sport and fitness test) to be 
accepted as a student in the exercise and health science 
institute. Our sample therefore represented a relatively 
homogeneous and healthy cohort. Nevertheless, the 
mean, SD and range of hair cortisol concentrations in our 
sample were comparable to those in previous studies with 
young adults and ‘healthy’ controls  [12, 22, 23, 30] . More-
over, the differences in depressive symptoms found be-
tween the students with low and elevated hair cortisol lev-
els only tended to be significant. Although hair cortisol 
provides a retrospective window to the past, this study 
was cross-sectional and prohibits causal inferences. Fi-
nally, data obtained from larger samples are needed to 
reduce the possible impact of outliers on the relationship 
between hair cortisol and mental health indicators. Larg-
er samples would also allow a comparison of more ex-
treme groups, which might result in bigger group differ-
ences.
 With the second hypothesis (hypothesis 1b), we an-
ticipated that increased hair cortisol levels would be as-
sociated with increased self-perceived stress, although 
our data failed to support this assumption. Significant 
correlations have been found between hair cortisol and 
self-reported stress among chronic pain patients  [20] and 
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pregnant women  [67] . However, the correlations found 
in these studies pointed towards a moderate positive re-
lationship, while we found a negative association. So far, 
only 1 study exists with a comparable sample of healthy 
young adults  [12] . Similar to our study, a weak negative 
correlation existed between hair cortisol and the score on 
the PSS (r = –0.06, p = 0.025). In contrast, Karlen et al. 
 [12] found a stronger (positive) relationship for exposure 
to serious life events in a regression model (β = 0.21, p = 
0.041). The stronger association between hair cortisol and 
life events supports previous research showing that seri-
ous stressful events are associated with increased hair cor-
tisol levels  [22, 33] . Several explanations are possible as to 
why hair cortisol concentrations show closer association 
with life events than perceived stress. For instance, re-
searchers have attributed the weak relationship between 
perceived stress and hair cortisol to a ‘lack of psychoen-
docrine covariance’ known from studies where acute sa-
liva cortisol reactions were dissociated from self-reported 
tensions or heart rate  [68] . Moreover, different time 
frames assessed via hair cortisol and stress questionnaires 
may account for the nonsignificant relationships in the 
above studies. In our opinion, 2 further methodological 
issues should be considered. Firstly, life events are mostly 
studied from a between-group perspective, in which in-
dividuals who were exposed to a stressor (e.g. long-term 
unemployment) are compared with healthy controls. 
Comparing such ‘extreme’ groups might result in a rela-
tively high variation in terms of stress. In contrast, the 
relationship between hair cortisol and perceived stress 
is  mostly studied from a within-group perspective, in 
which hair cortisol and perceived stress are correlated in 
relatively homogeneous populations such as patients 
with coronary artery disease  [25] , women participating in 
a preterm birth study  [69] or endurance athletes  [30] . 
Within this approach, low correlation coefficients must 
be interpreted with caution as the lacking associations 
can be due to low variations in terms of stress and hair 
cortisol. Secondly, it is conceivable that life event lists 
have per se a higher discriminative power as only few in-
dividuals are faced with major life events, whereas most 
individuals encounter minor daily stressors  [70, 71] .
 The remaining set of hypotheses was fully supported 
via SEM. A strong positive association existed between 
perceived stress and depressive symptoms (hypothesis 
2a). Perceived stress was a stronger predictor of depres-
sive symptoms than hair cortisol (hypothesis 2b). Finally, 
hair cortisol explained a small proportion of variance in 
depressive symptoms beyond that which can be ascribed 
to perceived stress (hypothesis 2c). However, significant 
relationships emerged for all hypothesized paths in our 
SEM model. The fact that perceived stress was more 
strongly associated with depressive symptoms can be at-
tributed to the fact that the consequences of stress largely 
depend on individual appraisals  [72, 73] . Alternatively, a 
shared method variance might have contributed to the 
strong association between perceived stress and depres-
sive symptoms.
 In line with previous studies that have shown low cor-
relations between biological markers of stress and mental 
health  [74–76] , hair cortisol turned out to be a significant 
predictor of depressive symptoms in the present study and 
explained additional variance beyond perceived stress. As 
mentioned above, the negative direction of the relation-
ship was surprising and deserves further discussion. In 
our sample of young adults, the findings corresponded 
with research showing that some stress-related states and 
functional somatic diseases are associated with hypocor-
tisolism  [77] . Hypocortisolism is generally defined as a 
relative or absolute state of paradoxically low cortisol, 
which can manifest as inadequate basal cortisol produc-
tion, flattened daytime cortisol production or inappropri-
ate elevation of cortisol under stressful conditions  [78] . In 
prior research, correlations were found between hypocor-
tisolism and metabolic syndrome, fibromyalgia, chronic 
fatigue syndrome, occupational burnout, chronic pain 
syndromes, PTSD, cardiometabolic disease, mood disor-
ders, autoimmune diseases, allergies and malignancies 
 [78–82] . Although previous salivary cortisol studies have 
shown that depressive symptoms are typically associated 
with hypercortisolism  [53] , there is a strong comorbidity 
between depression and symptoms of burnout, pain, fa-
tigue and exhaustion, which proved to be associated with 
hypercortisolism  [83, 84] . Finally, Murck  [85] pointed out 
that atypical depression with reversed vegetative signs (i.e. 
hyperphagia or hypersomnia) is typically associated with 
decreased cortisol-releasing hormone activity. While ma-
jor depression is usually characterized by symptoms of de-
pressed mood and loss of interest and pleasure (corre-
sponding with melancholic features), it is possible that 
atypical forms of depression are particularly likely among 
exercise and health science students. This may explain the 
negative relationship between hair cortisol and depressive 
symptoms in this particular population.
 In summary, our findings support the notion that per-
ceived stress more strongly predicts depressive symptoms 
than objectively assessed hair cortisol levels. While hair 
cortisol predicted variance beyond perceived stress, this 
finding must be interpreted with caution because of the 
unique characteristics of this sample. Nevertheless, the 
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present study suggests that the relationships between hair 
cortisol and mental health might be more complex than 
expected and that elevated hair cortisol might not always 
equate to a health risk in certain populations. Currently, 
research on the relationship between hair cortisol and 
mental health is in its infancy. Future studies should focus 
on how hair cortisol can be used as a comprehensive means 
to identify individuals at risk for somatic and mental dis-
eases. Future studies should also work towards proofs of 
causality. In line with Kudielka and Wüst  [86] , who under-
scored in their recent review that both acute and chronic 
stress generally precede the onset of a broad variety of dis-
eases such as depressive disorders, depressive symptoms 
were treated as a consequence in the present study. Nev-
ertheless, it is conceivable that premorbid and preliminary 
propensity to depressive symptoms (cognitions, emo-
tions, behavior) may unfavorably influence both HPA axis 
activity and individuals’ perception of stress.
 To the best of our knowledge, this is the first study in-
dicating that low hair cortisol might be associated with 
increased depressive symptoms among young adults. 
More research is needed to corroborate this finding using 
larger samples and other indicators of stress and psycho-
logical functioning. We also recommend considering 
VPA more thoroughly in future research. Endurance ath-
letes have higher hair cortisol levels than physically inac-
tive controls  [30] . A similar result was found in the pres-
ent study, and the strength of associations between hair 
cortisol and depressive symptoms decreased after con-
trolling for VPA.
 Conclusion 
 The data of the present study point towards the poten-
tial role of low cortisol levels in the development of de-
pressive symptoms in young adults. Edwards et al.  [78] 
maintained that ‘“traditional” medical practice does not 
sufficiently recognize relatively low cortisol levels as a po-
tential cause of disease’ (p. 27). If the findings of the pres-
ent study can be confirmed in larger samples, hair cortisol 
might be useful for psychiatrists and general practitioners 
as a noninvasive and painless biomarker to identify young 
people at risk for developing stress-related diseases or 
functional somatic disorders associated with hypocorti-
solism.
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